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Abstract 
Manufacturing organizations are constantly demanding competent young engineers with a solid knowledge on manufacturing 
topics. At Engineering Degrees, Manufacturing Processes is a compulsory subject where the students learn theoretical and 
practical knowledge about manufacturing processes. However, it should be noted that not all engineering students have a 
previous manufacturing knowledge since their curricula from high school may differ notably. In those cases, manufacturing 
processes may be a hard course to pass. In this paper, a study is carried out about the student’s learning process on 
manufacturing at undergraduate and graduate level. The aim is to know, on the one hand, the students’ alternative conceptions, 
their misunderstandings and the lack of knowledge about manufacturing and, on the other hand, the state of the conceptual 
understanding (assimilation) and the retention over time (durability) of previously learned manufacturing concepts. Then, 
lecturers may select the best methodologies to teach manufacturing. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Manufacturing organizations demand competent young engineers with a solid knowledge on manufacturing 
topics. At Engineering Degrees, Manufacturing Processes is a compulsory subject where the students learn 
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theoretical and practical knowledge about manufacturing processes and it is commonly taught from second year 
onward. During high school, students can choose in their curricula optional courses about technology where some 
manufacturing concepts are introduced. However, the contents of these courses are widespread and diverse, thus 
topics related to manufacturing may be reduced and scarcely taught in class. Furthermore, it should be noted that 
not all engineering students have taken these optional course during high school. Therefore, one may conclude that 
concepts related to manufacturing processes are completely new and tough for the students at Engineering Degrees. 
This fact affects the assimilation process of the manufacturing concepts that should be learnt in order to pass the 
corresponding manufacturing courses.  
Several studies about the assimilation process, retention and conceptual understanding have been carried out in 
other fields such as electricity, electromagnetism or mechanical systems (Periago and Bohigas 2005, Smaill et al. 
2012, Dori et al. 2007, Montfort et al. 2009). Periago and Bohigas (2005) show a study conducted at second year 
course to detect students’ misunderstandings and misconceptions about electricity in order to develop new teaching 
strategies that avoid these misunderstandings and improve their learning. Smaill et al. (2012) conducted a study on 
a first year course in the field of Electrical Engineering in order to identify the level of understanding about 
electricity and electromagnetism concepts. The results showed that, at the beginning of the course, the students’ 
technical knowledge was too low and thus, it was necessary to review basic concepts at the first classes. 
Furthermore, they analyzed the student thinking models in order to detect the cause of acquiring misconceptions 
and their durability along the time, proposing and using strategies for active learning to avoid students’ 
misunderstandings and improve the learning process. In a similar way, Dori et al. (2007) presented a comparison 
between the level of understanding and the retention of students’ knowledge in two different groups where the 
same subject of electromagnetism is taught but with different methodological strategies. In the first group the class 
is given following the traditional method (lectures exposed by the teacher), whereas in the second group it is 
applied strategies for active learning. The results showed that conceptual understanding and knowledge retention 
are much better in the group where active learning strategies are applied. Finally, Montfort et al. (2009) presented a 
study to investigate the students’ conceptual understanding related to basic mechanical concepts at different 
undergraduate and graduate courses. The results showed that the conceptual understanding of younger students 
does not differ from those graduated, and if these misunderstandings are not detected and corrected, they will 
interfere in their future reasoning throughout their career. 
In the literature no similar studies have been found in the field of manufacturing. For all the above, an 
investigation was proposed to analyze the learning process in manufacturing subjects at undergraduate (Degree of 
Industrial Engineering Design and Product Development, DIEDPD) and graduate courses (Master of Science in 
Design and Manufacturing, MSDM). Specifically, the goal of the investigation is to assess the knowledge related to 
manufacturing concepts during the academic training of the engineer in order to determine the following two 
groups of aspects: 
  Preconceptions or previous ideas that students have about manufacturing concepts in order to identify 
misconceptions or misunderstandings and lack of knowledge. 
  The state of knowledge assimilation and retention along the time (durability) of the concepts learnt in previous 
courses.  
With the results of this investigation, the authors hope to use more appropriate methodologies (Sullivan et al. 
2011) at each level in order to facilitate the learning process in the manufacturing field.  
 
2. Methodology 
In order to conduct the study, a set of questionnaires about topics related to manufacturing processes were 
answered by the students during the course. These questionnaires were adapted to the goal of the study at each case 
and to the expected level of knowledge that students have in each subject.  
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The final goal of the study is to assess the assimilation of the knowledge that it is assumed that have been 
acquired from previous courses and its retention along the time (durability) in the short and medium term. 
Additionally, the study seeks to find the students’ misconceptions and misunderstandings. For this purpose, the first 
step is to choose the manufacturing subjects that will be analyzed in the study, which determines the expected level 
of knowledge, both previous and assimilated concepts after the course. As a second step, a set of questionnaires 
have been defined according to the goal of each one. 
2.1. Subjects under study and characteristics of their students 
At the Universitat Jaume I (UJI), the engineering degree DIEDPD has its continuity in the Master of Science 
MSDM, and thus, these degree and master degree are candidates for the proposed study. At the engineering degree, 
the fundamental manufacturing concepts are taught in two subjects from different courses/subjects but in 
consecutive semesters, named Design for Manufacturing: Processes and Technology I and II (DI1020, DI1021). At 
the master degree, the manufacturing subject analyzed is Computer Aided Manufacturing (mDF 123). It should be 
remarked that the graduate students already have a previous knowledge about manufacturing processes since they 
come from Engineering Degrees such as Technical Engineering in Industrial Design (TEID, -this degree has been 
modified due to the Bologna declaration on the European Space for higher education, and is currently named 
DIEDPD-) since at this moment there is no students from DIEDPD (this degree is a 4-year degree and next year 
will be graduated the first class).  
Under this scenario, these three groups of students are considered in the research. It should be noted that only 
the students that come from the UJI are considered in the group that belongs to the Master Degree in order to 
analyze the traceability of the durability and the assimilation of the concepts explained in previous courses. Table 1 
shows the subjects considered in the study and their contents, the degree or master degree where is taught and the 
group identifier. Finally, it should be remarked that only students that have be enrolled for the first time in the 
course have participated in the study in order to analyze the existing preconceptions previous to the course. 
Table 1. Characteristics of the manufacturing subjects considered in the study. 
Group Subject Subject Contents Degree 
G1 DI1020 Design for 
manufacturing: Processes and 
Technology (I) 
Tolerance and Metrology. Fundamentals of casting 
processes and metal forming. Fabrication of plastics. 
Design for manufacturing applied to these processes 
DIEDPD 
G2 DI1021 Design for 
manufacturing: Processes and 
Technology (II) 
Machining (conventional, abrasive a not 
conventional), welding and joining processes, Design 
for manufacturing applied to these processes 
DIEDPD 
G3 mDF 123 Computer Aided 
Manufacturing (CAM) 
Computer aided manufacturing, CNC, process 
planning 
MSDM 
2.2. Configuration and scheduling of diagnostic tests 
The goal of manufacturing subjects at the Engineering Degree is to make the students be able to select and 
assess different manufacturing alternatives for a given product using design for manufacturing and assembly 
methodologies. Furthermore, they should know, describe and compare the fundamentals of welding and joining 
processes and their characteristics and fields of application. Considering these goals, a set of diagnostic tests were 
generated. Table 2 shows the characteristics of these tests together with a graph that shows the temporal location of 
the subjects analyzed during the academic training process and which tests are conducted over each subject.  
The number of questions at each test depends on the goal of the test and the academic level of each group. The 
nature of the questions may be related to: basic theoretical knowledge, theoretical knowledge applied to practical 
cases, and practical content (close related to the skills acquired or to be acquired in laboratory sessions). The 
distribution of the nature of questions is almost homogeneous in each test, approximately one third of each type. 
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In order to analyze the preconceptions, an initial test is conducted at groups G1 and G2 with basic questions that
can provide some information about possible misconceptions, misunderstandings, lack of knowledge, etc. For this
purpose it is defined the tests P0 and P1 for the groups G0 and G1, respectively. In order to estimate the
assimilation and durability in short term, students from group G2 are evaluated through test P2 related to concepts
studied in the subject DI1020, a subject that students have previously taken. Tests P0 and P1 were conducted the
first days of class whereas test P2 was conducted during the last days of the course.
On the other hand, in order to know the assimilation and durability of the knowledge in medium term, the
diagnostic term is conducted on graduate students (G3). In this case it is considered the differences among the
graduate students due to their academic degree and the possible labor experience in the field of manufacturing.
Therefore, test P3 is prepared with questions related to the subject DI1020 using questions from test P2, and with
questions related to the subject DI1021. The questions included in P3 that are related to subject DI1020 are
extracted from test P2 without modification since the purpose is to compare their results with those from test P2,
analyzing the evolution of the students’ knowledge in short and medium term.
Table 2. Characteristics of the tests and temporal sequence.
Test Group Goal Contents of the test Numbers of 
questions
P0 G1 Preconceptions Concepts related to the subject DI1020 and
previous subjects
11 questions
P1 G2 Preconceptions Concepts related to the subject DI1021 and
previous subjects different to DI1020
12 questions
P2 G2 Assimilation and durability in the short
term, Misconceptions
Concepts related to the subject DI1020 15 questions
P3 G3 Assimilation and durability in the
medium term, Misconceptions
Concepts related to the subject DI1020 and
DI1021, taught in courses at ITDI Degree
23 questions
1 2 3 4 5 6 7 8 9 10 Semester
G1 G2 G3
P0 P1 P2 P3
Fig. 1. Temporal sequence of the tests
3. General results of the tests
The answer for each question was assessed as 0, 0,5 and 1 in case of wrong, partially correct and correct,
respectively. The number of students that answered each question was also counted in order to detect lack of 
previous knowledge or short-term retained knowledge that is not related with a wrong assimilation.
The number of students that participated in each test (P0, P1, P2 and P3) was 42, 35, 26 and 7, respectively. In
order to facilitate the discussion shown below, the results obtained in the different tests are graphically presented.
The results of test P0 and P1 about misconceptions from subjects DI1020 (group G1) and DI1021 (group G2)
are shown in Figures 2 and 3 respectively, grouping the questions by topics. The average grade is shown together
with the percentage of students that answered the question, independently whether the answer is correct or not.
The results of test P2 and P3 related to the assimilation and the durability of the knowledge in short and medium
term are jointly shown in Figure 4, grouping the questions by topics. Both tests are shown in the same figure in 
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order to analyze the evolution of the knowledge in short and medium term, and to detect retention problems of 
manufacturing concepts, weakness in the learning process, etc. The figure shows the difference of the grades in the 
short and medium term. 
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Fig. 2. Test P0: Grades per question, grouped by topics and percentage of questions answered. 
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Fig. 3. Test P1: Grades per question, grouped by topics and percentage of questions answered. 
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Fig. 4. Comparison of grades from tests P2 and P3, grouping the results by topics. 
266   J. Serrano et al. /  Procedia Engineering  63 ( 2013 )  261 – 269 
4. Discussion of the results 
The results are discussed below analyzing some particular answers given by the students. 
4.1. Concepts previous to the subjects DI1020 and DI1021 (test P0 and P1) 
The results of test P0 and P1 about preconceptions for groups G1 and G2, respectively, shown in Figures 2 and 
3, let identify four basic characteristics of the students’ knowledge that take a subject related to manufacturing 
processes for the first time. These characteristics are defined as: 
  Misconceptions: concepts related to manufacturing technologies that the students have previously assimilated in 
a wrong way.  
  Homogeneous lack of knowledge: group of concepts that the students do not know and, thus, they are not able 
to answer the questions related to them. 
  Non-homogeneous lack of knowledge: group of concepts that most of the students do not know although there 
is a significant percentage of students that already know about them. This fact may be explained due to the 
heterogeneity of the students (they come from different high schools around the region) or due to the possible 
interest of some of the students in manufacturing processes since nowadays it is easy to find videos or TV 
programs with educational content about manufacturing technologies.  
  Knowledge already assimilated: group of concepts that the students have already acquired before taking the 
subjects DI1020 and DI1021. This fact may be explained by knowledge acquired previously from other subjects 
that can have some relationships with manufacturing processes (fundamentals of materials, engineering 
drawing, etc.) or by autonomous learning on basic manufacturing concepts such as turning, drilling, etc. 
The analysis of these four characteristics for the case of group G1 (Figure 2) is as follows: 
  Some misconceptions are detected on questions c5, c11, c9 and c3, since more than 70% of the students 
answered the questions with an average grade lower than 2 over 10.  
  Question c7 shows a topic with a homogeneous lack of knowledge from the students since almost less than 30% 
of the students tried to answer the question.  
  In Figure 2, seems that the characteristic of non-homogeneous lack of knowledge is not present. 
  The fourth characteristic, knowledge already assimilated, can be observed in questions c2, c4 and c8, where a 
high percentage (around an average of 80%) answered the question with an average grade of 8 over 10. 
Analyzing the preconceptions of group G1 by topics, one can observe good results in the field of tolerances 
(except on question c3, that was a question related to tolerance transfer), and good results in question c1 (reading a 
nonius -metrology) and question c6 (blow molding in plastic forming). These results may be explained by: the 
normalization in drawings is taught in a previous subject; it is common the use of some measurement equipment in 
the laboratory of previous subjects; there is a previous subject about fundamentals of materials where brief 
fundamentals on plastic forming are taught. Finally, the topic related to metal forming presents important 
misconceptions.  
A similar analysis can be conducted on test P1 (group G2). According to the results of test P1, shown in Figure 
3, the following reasoning can be done: 
 Misconceptions can be found in questions c8 and c7, and to a lesser extent in question c5.  
 Questions c2, c10 and c11 show a homogeneous lack of knowledge since almost less than 20% of the students 
were able to answer the questions.  
 The characteristic of non-homogeneous lack of knowledge is not easily observed in the figure. Question c3 
seems to be an example of this characteristic since less than 40% of the students are able to answer the question 
but almost all of them give a correct answer (a grade of 8 over 10).  
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 The knowledge already assimilated is observed in questions c1 and c4, especially in question c1 where almost 
90% of the students answered it with an average grade of 7 over 10.  
Analyzing test 1 considering the different topics covered, it can be observed a general lack of knowledge and 
misconceptions in concepts related to machining except in questions c1 and c3 (name of the machine-tool to 
generate drills and name of the machine-tool to generate revolution parts). In the field of welding, some 
fundamental concepts were already taught in a previous subject (Fundamentals of materials I), and this is observed 
in the answers that are slightly better than those from machining. However, the average grade is quite low which 
means that students have some misconceptions on the topic. Only question c4 which is about shielded metal arc 
welding applied to aluminum parts seems to have a fair grade. 
Finally, it is interesting to remark that the tests related to preconceptions do not show a significant difference 
between students from high school that have passed the subjects Technology I and Technology II (optional 
subjects where manufacturing technology is included in the teaching curricula) and those that have not. Therefore, 
it is reasonably assumed that in these optional subjects, manufacturing processes are taught in a very low detail or 
that these contents are omitted in favor of other technological contents such as electricity, electronics, mechanics, 
etc. An analysis of the major of teachers in charge of the subjects Technology I and II may be of interest to 
understand this potential omission. 
4.2. Assimilation and durability of the knowledge related to DI1020 (test P2 and P3). 
The results of test P2 and P3 where it is analyzed the assimilation and durability of the knowledge in short and 
medium term are shown in Figure 4. In this figure, the following four key aspects can be distinguished: 
  Concepts assimilated with high retention: concepts that are notably retained in short and medium term.  
  Concepts assimilated with low capability of retention: concepts that were acquired after taking the 
corresponding manufacturing course as it is shown in the short-term test (P2) but they are mostly forgotten in 
the medium term (P3).  
  Concepts very low assimilated: concepts that are assumed to be acquired after taking the corresponding 
manufacturing course but the results of the test at short and medium term indicates that they have not been 
assimilated by the students, or the durability of the acquired knowledge has been very short. This case could be 
those concepts learnt by rote.  
  Concepts more assimilated along the time: concepts that have been partially assimilated after the course as it is 
shown in the short-term test, but this assimilation is even increased in the medium term. Although this aspect 
seems to be not common, in the current educational context this fact could be explained in cases where the 
students improve their knowledge taking optional courses offered by the Engineering Department related to 
manufacturing processes; or in cases where the graduate dissertation has some technological content related to 
manufacturing; or in cases where the student has professional experience in the field (this case is not possible in 
our study since all master students –group 3- have no professional experience). 
As it is described in Figure 4, questions c1, c9 and c14 show concepts that have been well-retained in short and 
medium term. The terms not retained in medium term can be shown in the figure as the answers with higher 
variation between the grades obtained in short and medium term. Questions c2, c4 and to a lesser extent question 
c11 can be clearly identified with this characteristic.  
In a similar way, it is also noted that some concepts were clearly not acquired in both short and medium term 
when these concepts were expected to be correctly acquired by the students at least in the short time. The questions 
that show these learning deficiencies (concepts assimilated in a very low grade) are basically questions c5, c12 and 
c13.  
Finally, the concepts that seem to be more consolidated and even improved with the pass of time, or at least 
concepts that are less loss in medium term, are mainly shown in questions c10, c6 and c15. 
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On the other hand, it is interesting to analyze the knowledge retention taking into account the type of knowledge 
acquired, making a distinction among theoretical knowledge, theoretical knowledge applied to practical cases, and 
practical knowledge. In order to analyze if there is a significant difference among these types of knowledge and the 
students’ capability to retain them with the pass of time, the results of the tests P2 and P3 grouped according to the 
type of knowledge evaluated are graphically represented in Figure 5. Note that the graph shows the average of the 
grades. 
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Fig. 5. Comparison of grades from tests P2 and P3, grouping the results by type of questions: theoretical applied, theoretical and practical. 
It is interesting to observe how questions that are mainly practical such as those related to topics covered in the 
laboratory seem to increase the knowledge retention than those that are mainly theoretical. This fact is clearly 
shown in the medium term where questions about practical knowledge present higher grades (almost 1 point more 
over 5, which represents 20% more), and the grades of this type of questions does not present a significant 
difference between short and medium term. 
The difference in the average grade in the short and medium term is higher in the case of theoretical questions 
(around 15%), as one might be expected. Questions related to theoretical knowledge applied to practical cases 
present a very low average grade in comparison with other type of questions. However, the results are improved in 
medium term in comparison with the short term (an increase of the grade around 30%), which could be explained 
by the definition given above about “Concepts more assimilated along the time”, and this also could explained why 
the theoretical knowledge does not excessively decrease in the medium term. 
4.3. Remarkable answers from students. 
Any remarkable answer observed during the correction of the tests was written down in order to find and 
evaluate possible patterns in the answers such as general misconceptions. The most remarkable answers from 
students were: 
  The question “which is the forming operation more adequate to manufacture a rail made of steel?” was asked in 
test P2 and P3, and almost all students answered “extrusion” (some of them answered “rod drawing”) instead of 
“rolling”, which shows that students consider the relationship between process and geometry but without 
considering, in some cases, the relationship between process and material.  
  The question “name of the manufacturing operation to generate a hole in a metal sheet” was included in all 
tests, almost all students replied correctly in test P2 and P3 (punching) whereas nobody answered correctly the 
question in test P0 (common answers where drilling and blanking).  
  The question related to metrology, where it was asked whether a dimension measured with a caliper given its 
uncertainty could be considered within specifications, was answered erroneously by most of the students and 
most of them confounded uncertainty with range. Interestingly, this fact was reported in the short term 
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evaluation (test P2, question c10) whereas the students’ performance was clearly higher in the medium term 
evaluation (test P3). 
  In tests P0 and P1 there is a large number of answers that used the term “drill” instead of “hole”. This fact could 
be explained by the influence of terminology commonly found in Computer Aided Design tools which are 
extensively used throughout the engineering degree. 
5. Conclusions and future work 
It is relatively common to listen to TV programs (or read in non-specialized press) comments such as: “a 
blanking die is used to drill a hole”, “an adhesive is used for welding”, etc. Detect how this information influence 
on the previous students’ knowledge on manufacturing technologies and its influence on the capability of acquiring 
new knowledge in the field has been one of the goals of this work. Furthermore, how the knowledge related to 
manufacturing processes is assimilated and retained over time has been also studied.  
Although the research work has been conducted in an academic year, and statistically is not very representative, 
according to the authors the experience and the results have been very interesting and satisfactory. This research 
study has shown interesting conclusions such as which type of knowledge and concepts are easier to assimilate and 
retain over time giving some ideas about which teaching methodologies are more proper to reach the objectives in 
terms of assimilation and durability. Furthermore, the test have also been useful to detect un-expected errors 
related to the assimilation of knowledge in short time which means that the assimilation of some parts of the 
subject has been precarious (rote learning) or that this knowledge has been lost very fast.  
In order to continue this study, the authors propose the following future works: 
  To improve the deficiencies detected in some of the questions added in the test and repeat the study to get 
enough statistically information to reach more clear conclusions. At the same time, it is convenient to elaborate 
questionnaires with a higher variety of questions to evaluate more accurately the knowledge acquired through 
rote learning, practical cases, laboratory activities, etc.  
  To extend the research work to other subjects, as it could be the subject “Manufacturing Technologies” in the 
curricula of the Degree of Mechanical Engineering and the Degree of Industrial Technology, or other subjects 
related to manufacturing processes that are offered at the last course of the Degree of Mechanical Engineering 
and the Degree of Industrial Engineering Design and Product Development.  
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